Renal ischemia reperfusion injury (I/R) is one of the major causative factors for acute renal injury that is becoming growing reason/s for mortality rates, results from a generalized or localized impairment of oxygen and nutrient delivery to, and waste product removal from, cells of the kidney\[[@ref1]\]. Renal I/R injury is characterized to have oxidative, inflammatory and apoptotic injury along with activation of inflammatory processes within tissues\[[@ref2]\] but also the modulation of mitochondrial function, changes in intracellular calcium levels.

A hallmark of ischemia reperfusion injury is loss of the apical brush border of proximal tubular cells that in turn will affect the stability of cytoskeleton\[[@ref3]\]. In fact patho physiology of I/R is reflected in all segments of nephron, but most commonly injured is epithelial cells of proximal tubular cell\[[@ref4]\]. This is because these cell types has a high metabolic rate for ion transport and have limited capacity to undergo anaerobic glycolysis. Moreover owing to the marked microvascular hypoperfusion and congestion in this region after I/R injury, that may persists and mediates continued ischemia even when cortical blood flow might have returned to near normal levels\[[@ref4]\].

In order to get a great insight in to the mechanism triggered and regulate tubular cell I/R injury, most of the researchers rely on *in vitro* cell culture models. Even though *in vitro* cell based experimental models mimic some of the features of tissue ischemia and I/R based patho physiology, it cannot reproduce the *in vivo* tissue environment precisely\[[@ref5]\]. However *in vitro* cell based model provide sufficient reliable and authentic data for further *in vivo* analysis. Hence it is very relevant and important for any researcher to standardize their *in vitro* experimental model for dependable results.

Renal I/R is a multifaceted disease with multi factorial reasons for its patho physiology. Mimicking the exact *in vivo* pathological environment in cell based model is a challenge. Since deprival of ATP concentration resulted from low blood supply leads to I/R injury, most of the cell based cultural model focussed to inhibit the production/synthesis of ATP. Chemically induced I/R\[[@ref6]\], enzymatic induction of I/R\[[@ref7]\] and anaerobic chamber\[[@ref8]\] mediated I/R are the main experimental approach to induced I/R in cell cultural model. In the present study, we compare the different above mentioned approaches to induce I/R in epithelial cell line from Pig Kidney, namely LLC PK1, to study the efficacy of H~2~S mediated renal protection.

MATERIALS AND METHODS {#sec1-1}
=====================

Cell culture: {#sec2-1}
-------------

LLC-PK1, derived from the renal epithelial cells of Hampshire pigs PK1 (American Type Culture Collection, Manassas, VA) was grown in Dulbecco\'s modified Eagle\'s medium (DMEM, Invitrogen, USA) supplemented with 10% fetal calf serum, 50μg/ml streptomycin, and 50 U/ml penicillin at 37° in a CO~2~ incubator (95% air, 5% CO~2~), and then, 0.5% (w/v) trypsin was used to detach the cells from the flasks. The cells were subsequently centrifuged, re-suspended in DMEM, and sub-cultured in 75 cm^2^ culture flasks or 96-well.

Induction of ischemia reperfusion (I/R) in LLC-PK1: {#sec2-2}
---------------------------------------------------

Ischemia was induced in LLC PK1 by three methods namely enzymatic, chemical and anerobic chamber methods and the results were compared. I/R was induced *in vitro* according to the well-studied and extensively characterized model\[[@ref9]\]. Briefly, when the cells cultured in 96-well plates became confluent, ischemia was created by changing the culture medium to DMEM without glucose and serum but contain either enzyme or chemicals that induce ischemia. However for induction of ischemia in anerobic chamber model, only the normal growth culture media was replace by glucose and serum deprived DMEM media and were placed in anerobic chamber.

For the induction of ischemia by enzymatic method, GOX/CAT system consisting of glucose oxidase (GOX) and catalase (CAT) and 2-deoxyglucose (a non-metabolizable isomer of L-glucose) were used. GOX/CAT system was prepared by diluting glucose oxidase and catalase at a constant 10:1 ratio in cell culture medium (both Sigma cat. No. C3155 and G0543). Enzyme activities of stock solutions were 3 mM/s for GOX and 998 s^-1^ for CAT. To obtain a defined, stable oxygen concentration of 2% on cell surface stock solutions were diluted by 1:10,000 for GOX and 1:1,000 for CAT. The *in vitro* reperfusion was achieved by incubating cells in glucose-replete complete growth medium.

Chemical like rotenone, antimycin and sodium azide were used to induce ischemia. LLC PK1 cells were incubated for one hour with either rotenone, antimycin or sodium azide of different concentrations to create ischemia and followed by replacement of ischemic media with glucose rich growth medium to induce reperfusion injury.

For the induction of ischemia by anaerobic chamber method, LLC PK1 cells were incubated for one hour in anerobic chamber to create ischemia and then incubate in a CO~2~ incubator (95% air, 5% CO~2~), at 37° for 3 h to create reperfusion injury.

Experimental protocol: {#sec2-3}
----------------------

In general, 80% confluent LLC PK1 cells were selected for the study. DMEM media was replaced by fresh media in control group alone where as in other groups ischemic media comprises of DMEM without glucose + 2-deoxyglucose + \[GOX/CAT\]/ rotenone/ antimycin/ azide was added and incubated for different time intervals such as 1, 3, 6 and 12 h at 37º for the induction of ischemia. At the end of this stage fresh DMEM was used to replace ischemic medium for reperfusion effect for 3 h.

Another set of experiments were designed to study the efficacy of the model that comprises of following groups namely: Control, ischemic control, reperfusion control, NaSH (positive control) and NaCl (negative control) treated: In the NaSH and NaCl groups, cells were preincubated with NaSH (1 mM) and NaCl (10 mM) respectively for 1 h before the induction of 1 h ischemia and 3 h reperfusion.

Cell viability tests: {#sec2-4}
---------------------

Cell viability tests were done by two methods namely crystal violet and sulforhodamine B assays. Briefly for crystal violet assay, cells (grown on 96 well plates with 80% confluence) were washed and stained with 0.5% crystal violet in methanol for 8-10 min at 22°, then washed three times with 1X phosphate-buffered saline solution. The absorption measured at 550 nm was used as an index for cell viability.

For sulforhodamine B (SRB) colorimetric assay\[[@ref10]\] cells (grown on 96 well plate with 80% confluence) were washed and fixed with by means of protein precipitation with 50% trichloroacetic acid at 4º (final concentration 10%) for 1 h. After five washing with tap water, cells were stained for at least 15 min with 0.4% SRB dissolved in 1% acetic acid and subsequently washed four times with 1% acetic acid to remove unbound stain. The protein-bound dye is dissolved in 10 mM Tris base solution for optical density determination at excitation wavelength of 488 and emission wavelength of 585 nm.

Assay of lactate dehydrogenase leakage: {#sec2-5}
---------------------------------------

The activity of cytoplasmic lactate dehydrogenase (LDH) leakage into culture media was determined as described previously\[[@ref11]\]. After the experimental protocol, 100 μl of media were collected, and the LDH activity was assayed in 2.4 ml of phosphate buffer (0.1 mol/l, pH 7.4) with 100 μl of NADH (2.5 mg/ml phosphate buffer). The rate of NADH oxidation was determined by following the decrease in absorbance at 340 nm at 25° with the use of a spectrophotometer.

Statistical analysis: {#sec2-6}
---------------------

Data are reported as means±SD. The comparison between values of the same group, at various time points along the experiment was conducted using Student\'s t-test or ANOVA. Differences in variables between groups for a specific time point were analyzed using one-way ANOVA. Values of *P*\<0.05 were considered significant.

RESULTS AND DISCUSSION {#sec1-2}
======================

Reperfusion of ischemic tissues is often associated with microvascular dysfunction and is exhibited in different organs like heart\[[@ref12][@ref13]\], kidney and liver, that are predominantly undergoing transplantation. But the contribution of reperfusion to the extent of injury in ischemic renal tissue is unclear. Some studies indicate that reperfusion further aggravate the ischemic injury, whereas other suggests that it unmask the irreversible ischemic injury. Yet another group have an opinion that reperfusion injury is an independent entity. Resolving this issue is not easy as the contribution of ischemia and reperfusion to the injury is difficult to quantify in intact renal tissue as reperfusion injury may initiates within seconds of reoxygenation. Cultured cardiac myocytes may be useful in this problem by allowing the serial measurement of cell viability during the ischemia and reoxygenation phases. Ischemic tolerance has been described in a variety of primary cell culture system, but similar *in vitro* model for renal ischemia reperfusion injury have not been well established. The present study demonstrates anti ischemic reperfusion effect of NaSH (H~2~S donor) after standardizing ischemia reperfusion model in kidney epithelial cell lines namely LLC PK1.

Using a model of ATP depletion in LLC PK1 cells by chemical inducers like rotenone, antimycin and azide (electron transport chain respiration inhibitors), we created ischemia for specific time and compared the resulted injury. Mitochondrial respiratory chain complex I inhibitor, rotenone could induce cell death in a variety of cells mainly by reducing ATP synthesis and by releasing reactive oxygen species\[[@ref14]\]. Since ischemia and reperfusion is also characterized to have limited ATP and increased ROS, we used rotenone for the induction of ischemia in LLC PK1 cells.

Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} shows results of cell death induced by different concentration of rotenone in LLC PK1 cells. Early reports suggest that extent of I/R injury depends of duration of ischemic time and thus we create and standardize cell injury by perfusing the cell for 3 h (by replacing the cells with fresh normal growth medium) after having varied ischemic time intervals like 1, 3, 6 and 12 h. Cells incubated with higher concentration of rotenone did not show significant damage with 1 h incubation while increasing the incubation time to 3, 6 and 12 h impart significant injury to the cells. However, dose dependent cellular injury was not observed. Evidence from early report suggests that energy deprivation and ROS may be the main mechanism of rotenone-induced cell death\[[@ref14]\] and it may destroy primary dopaminergic neurons in a dose- and time-dependent manner\[[@ref15]\]. In agreement to these findings, insignificant cell damage in 1h rotenone incubation suggests that LLC PK1 cells may be resistant/adapted to low rotenone incubation irrespective of their different concentrations.
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*In vitro* chemical anoxia model characterized to have depleted ATP concentration through antimycin incubation to LLC PK1 cells are well established\[[@ref16]\]. True anoxia is practically impossible and thus in order to mimic ischemic condition along with antimycin we replaced normal growth media with ischemic growth media where instead of glucose, deoxyglucose has been added, thereby resulted in graded depletion of ATP that can cause apoptosis, the characteristic feature of ischemia reperfusion injury\[[@ref16]\]. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} shows viability of cells subjected to different time duration of ischemia reperfusion. Similar to rotenone, cell death was elevated when the ischemic time was increased but contrary to rotenone results even in 1h incubation with antimycin, resulted significant cell desath. Epithelial cells such as LLC PK1 are glycolytic and can utilize amino acids through gluconeogenesis to produce glucose\[[@ref17]\] and therefore not susceptible to rapid hypoxic cell death, thus need more cellular incubation with chemical ischemic agent for a desired cell death for the experimental set up. However, antimycin, know to be mitochondrial electron transport chain complex blocker at cytochrome bc~1~ region\[[@ref18]\] was also reported to inhibit gluconeogenesis indirectly by inhibiting oxygen uptake, makes antimycin mediated ischemic injury more suitable for I/R model.

In another experiment we use sodium azide as the chemical ischemic agent to induce ischemia reperfusion in LLC PK1 cells. Previous studies showed that sodium azide\[[@ref19]\] inhibited oxidative phosphorylation via inhibition of cytochrome oxidase, the final enzyme in the mitochondrial electron transport chain, thereby resulting in a rapid depletion of intracellular ATP that in turn can increase mitochondrial K~ATP~ channel activity. According to our results shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, dose-dependent cell damage was observed in LLC PK~1~ cells incubated with different doses of sodium azide when there was short ischemic time interval. Dose-dependent cell damage was negated once the ischemic duration was increased. This may be due to the indirect effect of K~ATP~ channel activity.
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In order to create oxygen deficiency that leads to impaired oxidative phosphorylation, ultimately resulted in ATP depletion was created in LLC PK1 cells by using two enzymes system consisting of glucose oxidase (GOX) and catalase (CAT), (GOX/CAT). Glucose oxidase rapidly removes oxygen from the cell culture medium or buffer by reducing it with glucose, generating peroxide in the process. It has been reported that, in contrast to hypoxia chambers, the GOX/CAT system more rapidly induces hypoxia within minutes at a defined rate. Further H~2~O~2~ levels are solely controlled by the ratio of GOX and CAT activities\[[@ref7]\]. They can be adjusted at non-toxic or toxic dosages over 24 h. Thus, the GOX/CAT system mimics a non-phosphorylating respiratory chain and can be employed to address many questions ranging from redox signalling to ischemia/reperfusion studies in transplantation medicine. As expected, GOX/CAT system imparts injury to cells significantly in 1 h of ischemic condition itself (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). More than 50% cellular damage was shown by this system in 3 h of ischemia with high concentration of the enzymes makes suitable for ischemia reperfusion study in cell lines. On the other hand ETC inhibitors need more incubation time to insult 50% cellular injury, there by experiments with longer duration of ischemia and reperfusion is not recommended. Among the ETC inhibitors antimycin is widely used for hypoxia and ischemia reperfusion study. Anaerobic chamber method is not suitable for short term ischemia reperfusion model as it required more time for the model to get 50 % of cellular damage ([Table 5](#T5){ref-type="table"}).
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After establishing I/R model in LLC PK1 cells by approaches, we studied the efficacy of H~2~S as protective agent against I/R. H~2~S is believed to have protection against I/R injury in different organ system predominantly by opening K~ATP~ channels\[[@ref20]\]. Endogenous H~2~S is normally metabolized in mitochondria of different organ system. But protective effect of exogenous H~2~S mechanism to I/R is not clearly understood. Indeed, cell line models are gaining interest in the scientific community especially to study the bioavailability, absorption and transport apart from the biological effect to specific cell types. LLC PK1 cells are well characterize for differentiation, formation of tight junction and transport study\[[@ref21]\]. We used LLC PK1 cells to understand the significance of endogenous hydrogen sulfide release in renal ischemia reperfusion during exogenous thiosulfate incubation.

[Table 6](#T6){ref-type="table"} shows the effect of H~2~S as anti ischemic reperfusion agent in different ischemia reperfusion models in LLC PK1 cells when the cells were pre incubated with H~2~S for 1h before the induction of ischemia. Pretreated LLC PK1 cells with H~2~S for 1h showed significant cell viability as compared to NaCl (negative control) and ischemia reperfusion control ([Table 6](#T6){ref-type="table"}). Even though both chemical and enzymatic model showed the protective effect of H~2~S, the result was prominent in the model that used GOX/CAT and antimycin to create ischemia. Based on the above observations, we conclude that cell based model for renal ischemia reperfusion can be studied with the help of chemical inducer, enzymatic method and anaerobic chamber incubation. Among these, enzymatic method is most suitable for short term ischemia reperfusion study.
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